Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) as follows:°C INTRODUCTION Coal mining is a major industry in Illinois. Coal underlies a large part of the State in a large structural basin. The coal beds occur at depths of about 1,200 feet in the center but are at or near the surface at the periphery of the basin. Coal is surface mined in the peripheral areas where it is at or near the surface.
Surface mining involves stripping the overburden from the coal, removing the coal, and filling the newly mined pit with overburden from adjacent areas. Surface-mining methods are commonly used to recover coal from depths of up to about 100 feet. Earth materials are thus disturbed and made vulnerable to weathering.
Removing the coal involves a land use change. In Illinois, this change to mining use is mostly from agricultural use. Since 1972, environmental regulations have required that land subjected to mining operations be subsequently reclaimed for beneficial use. Since 1977, companies have been required to evaluate their lands prior to mining in terms of the probable hydrologic consequences of mining.
In 1974, the U.S. Geological Survey in Illinois began a program dedicated to collecting, compiling, and analyzing hydrologic data obtained from the coal producing areas in Illinois (Toler, 1982; Zuehls and others, 1981a, 1981b; Brabets, 1984) . One project in this program was to collect and interpret hydrologic data from selected sites at various phases in the mining process. The data will eventually be interpreted using available computer models to correlate observed hydrologic impacts to land use conditions in the basin prior to mining and possibly to various mining practices, and to simulate the effects of changes in watershed characteristics on streamflow.
Purpose and Scope
This report presents the data and summarizes the observations of hydrologic conditions at one site, Plum Creek Tributary basin, during about 2 years of the mining operation. The site is 6 miles northwest of the city of Sparta in Randolph County ( fig. 1 ). The site is in a headwater tributary to Plum Creek in the Kaskaskia River basin.
Fourteen test wells were constructed to obtain geologic and hydraulic information. Geologic information was obtained by examination of materials recovered during drilling. Ground-water information was obtained from 14 monitoring wells by performing hydrologic tests, measuring water levels, and collecting samples for chemical analyses. Measurements of ground water were made periodically during the period from October 1980 to April 1983. Surfacewater information included collecting samples for analyses of sediment concentration and chemical constituents; making discharge measurements; and recording stage, temperature, and specific conductance on the tributary to Plum Creek. Measurements of the surface water were made periodically during the period from October 1980 to September 1982.
Data collection was terminated before the basin was completely mined due to funding constraints and because other areas being concurrently studied proved more ideal for testing conceptual models of cause and effect.
The stratigraphic nomenclature used in this report is that of the Illinois State Geological Survey and does not necessarily follow the usage of the U.S. Geological Survey.
Description of the Area
Plum Creek Tributary basin is located in the Mt. Vernon Hill Country physiographic division of the Central Lowland Province (Leighton and others, 1948) . The major features are gently rolling hills and well-developed drainage systems which have broad valleys and low gradients.
The major stream draining the area is the Kaskaskia River. The Kaskaskia River flows from east-central to southwestern Illinois where it joins the Mississippi River. It has a drainage area of 5,801 mi^ and a length of 295 miles. The mean daily discharge of the Kaskaskia River for the 1981 water year was more than 1,700 ft3/s (U.S. Geological Survey, 1982) . Plum Creek joins the Kaskaskia River 13 miles from its mouth. Plum Creek has a drainage area of 89 rai^ and a length of 33 miles. The study site is in a headwater tributary to Plum Creek.
Randolph County has a temperate continental climate (Denmark, 1980) . Precipitation in the area during fall, winter, and spring tends to be from widespread storms. Summer rainfall generally occurs as localized thunderstorms which may be of high intensity. In a typical winter, snowfall exceeds 1 inch on only 4 to 6 days. The ground is covered with an inch or more of snow about 15 days per year, and total yearly snowfall averages 13 inches. Mean annual precipitation is 38.7 inches. Prevailing winds are from the southwest at an average of 8.5 miles per hour. November through April are the windiest months.
The National Oceanic and Atmospheric Administration maintains a weather station at Sparta. For the years 1931 through 1960, mean annual temperature was 58°F and the mean monthly temperature varied from 35 P F in January to 80 P F in July.
Surficial materials in Randolph County consist of Holocene alluvium and Pleistocene deposits of loess, till, and outwash. Pleistocene glaciation has left deposits up to 50 feet thick in the county. The deposits form part of the Glasford Formation which includes deposits of till, outwash, and accretiongley. It is the most widespread glacial formation in Illinois and represents the southern limit of continental glacial deposits (Willman and Frye, 1970) .
Bedrock of Pennsylvanian age immediately underlies the Pleistocene deposits in Randolph County. The bedrock dips gently to the northeast and belongs to the Modesto and Carbondale Formations. The Piasa Limestone Member of the Modesto Formation is about 5 feet thick and overlies the Carbondale Formation. The Carbondale Formation is about 175 feet thick in southwestern Illinois and has many members which are laterally persistent in thickness and character (Willman and others, 1975 Mines and Minerals, 1982) . The coal averages more than 6 feet thick. It is a normal bright-banded coal which rests on a well-developed underclay and is present throughout much of the area of Pennsylvanian rocks (Willman and others, 1975) . Major minerals within the coal are clays, 55 percent; pyrite, 21 percent; quartz, 15 percent; and calcite, 9 percent (Rao and Gluskoter, 1973) .
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DESCRIPTION OF THE STUDY SITE
In 1981, the mine site was one of the larger surface coal mines in Illinois, having a production of more than 2 million tons (Illinois Department of Mines and Minerals, 1982) . The mining results in an elongated north-south pit ( fig. 2 ) that effectively moves across the mine permit area as the coal is removed.
The procedure is to first remove the topsoil and store it in seeded stockpiles on unmined land. Next, the overburden, the material overlying the coal, is removed and stored to one side. At the mine, this procedure forms a pit nearly 1 mile long and about 300 feet wide. The coal is then removed from the open pit. Subsequently, overburden will be removed from adjacent areas and used to fill the open pit. This has the effect of moving the pit about 300 feet in an easterly direction.
The material which fills the open pit is called spoil. It is a nonhomogeneous loose mixture of all the previously unconsolidated and consolidated material that was overburden. Reclamation consists of regrading the spoil, replacing the topsoil previously stored on unmined land, and revegetating the recontoured land. The new surface is graded to within 4 percent of the original slope except that the new slope must not exceed 15 percent. The reclaimed land is returned to agricultural use, either row crops or pasture* Sediment basins and drainage ditches are built as necessary to minimize erosion. During mining, surface runoff from the study basin was routed around the mine pit to sediment settling basins constructed during the removal of the topsoil. Excess water was pumped from the sediment basin across the study basin divide to other Plum Creek tributaries.
Work began at the mine in 1963. Moving in an easterly direction, the mining operation reached the western edge of the study basin in January 1981. Table 1 summarizes the major mining activities in the basin. Following the procedures outlined above, the pit moved steadily through the basin until mining temporarily ceased in May 1982. In May 1982, 42 percent ( fig. 2 ) of the drainage area was removed from the basin by mining or topsoil removal. Those portions unaffected by mining remained in agriculture. The mine began operation again in December 1982. Reclamation work was uninterrupted during the period of no mining.
The consolidated and unconsolidated materials above the Herrin No. 6 coal in the study basin were described from samples collected during drilling of 15 wells. A generalized lithologic column of the site is shown in figure 3 . Soil developed on a thin layer of loess, deposited during Wisconsinan glaciation, which overlies the Glasford Formation. The Glasford Formation is predominantly a silty clay in the western part of the study basin and includes outwash deposits of sand and gravel in the eastern part. Shale and limestone underlies the Glasford Formation and represent the lowest part of the Modesto Formation. The shale ranges in thickness from 0 to 6 feet and immediately overlies a uniform 10-foot section of limestone which is gray to buff in color. The uppermost section of the Carbondale Formation consists of a sequence of limestone, shale, and coal. The limestone is gray to buff, except for a black layer directly above the coal. The shales are gray and hard. The unconsolidated and consolidated rocks underlying the site are divided into 12 lithologic units (table 2).
Two coal beds were encountered while drilling; a 1-foot discontinuous coal bed approximately 75 feet below land surface, and the Herrin (No. 6) coal bed which is uniformly 5 to 7 feet thick and is approximately 110 feet below land surface.
Runoff from the site reaches Plum Creek through a larger tributary which joins Plum Creek 27 miles from the mouth. Plum Creek Tributary prior to mining had a natural drainage area of 0.6 mi^, a relief of 55 feet and a length, summing the lengths of the north and south branches ( fig. 4) , of 2 miles. The tributary has a gradient of 20 ft/mi and flows eastward with only slight meanders and a slight increase in width. Both banks are formed in silt and clay, and lined with shrubs, ivy, thick grass, and tree roots. Few trees are actually in the channel. The channel bed is soft clayey silt which grades into a firmer clayey silt about half way up the banks. Manning's n values vary slightly along the channel and average 0.05.
Mining and agriculture are the two major land uses in the study basin. As of May 1982, 42 percent of the basin had been converted from agriculture to mining use. Row crops of soybeans, corn, winter wheat, and alfalfa, and grazing are the principal agricultural uses. A small part of the basin, mostly the stream banks, is forested.
SURFACE WATER

Streamflow
A gaging station, Plum Creek Tributary near Tilden, Illinois (05595270), was installed 250 feet downstream from the two branches that form Plum Creek Tributary. A broad-crested rectangular weir having end contractions was built to control the stage-discharge relation at medium to low stages. The station was equipped with a manometer to sense stage, electrical resistance sensors for temperature and specific conductance, and an automated suspended-sediment sampler. The suspended-sediment sampler was stage activated, and the sampling interval varied with stage. Rainfall was measured by a float gage. Stage and rainfall were recorded on punched paper tape at either 5-or 15-minute intervals. Temperature and specific conductance were recorded at 15-minute intervals.
Mean daily flow of the stream during the period of Streamflow data collection (April 1981 through September 1982) was 0.49 ft3/s. Eliminating the three major storms from the calculation, the mean daily flow decreases to 0.16 ft^/s. Defining average daily flow as the flow exceeded 50 percent of the time, the average flow in this stream was 0.06 ft^/s. Figure 5 shows the hydrograph of mean daily discharge for water year 1982. Periods of no flow occurred 18 percent of the time. The periods of no flow and the position of ground-water levels well below the stream channel indicate that there was no significant ground-water discharge to surface water.
The maximum instantaneous discharge during the period of Streamflow data collection was 175 ftVs, which occurred on May 20, 1981. The maximum daily mean discharge was 40 ft /s (January 31, 1982). The January 31 peak, and all other peak discharges, occurred in direct response to rainfall. Figure 6 , shows discharge hydrographs for two storms. The basin's drainage area was approximately 0.3 mi 2 for the October 17, 1981, storm and 0.2 mi 2 for the July 3, 1982, storm.
Surface-Water Quality
Five samples were collected at the Plum Creek Tributary gaging station for analysis of chemical constituents (table 3) . Most constituents occurred in concentrations within the range measured at other streams draining unmined land in the general area (U.S. Geological Survey, 1982; Stahl and others, 1983) . Only total-recoverable iron concentrations exceeded the Pollution Control Board's effluent standards of 2.0 mg/L (Pollution Control Board, 1984), The three samples that were analyzed for total-recoverable iron had concentrations of 24, 38, and 94 mg/L. Zuehls and others (1981a) reported that surface mining in southern Illinois increases the amount of iron in streams by exposing more surface area of iron-bearing sedimentary rocks to weathering. Concentrations of iron generally increase as Streamflow increases. Most other constituents decrease in concentration with increasing Streamflow.
Higher concentration in unfiltered samples compared to concentrations in filtered samples indicate that sediment is a carrier for most constituents. Clay and silt-sized sediment which occur in high concentrations have high cation-anion exchange capacities due to their large surface areas. Hence, they act as excellent vehicles for chemical transport in the suspended phase (Parker and Carey, 1980) .
Sediment
Particle-size analyses show that 99.9 percent of suspended sediment and 97 to 99 percent of bed material was typically finer than 0.062 mm. For very fine sediment, the quantity moved by a stream is often more closely related to environmental factors affecting availability than to flow conditions in the channel (Guy, 1964) .
Sediment-concentration hydrographs and storm-runoff hydrographs of many small basins have similar shapes (Colby, 1963, p. 22) . Peak concentrations of fine material usually coincide with or somewhat precede peak flow. Loose soil particles are eroded by the first direct runoff of appreciable amount. Figure  7 illustrates this similarity for Plum Creek Tributary.
Although discharge may increase continuously with continuing rainfall, sediment concentrations are more likely to level off or decrease because of reduced availability of transportable material. The suspended-sediment concentration and discharge hydrographs for a storm on August 31, 1982 ( fig. 7) , show maximum concentrations at discharges between 30 and 60 ft^/s on the rising limbs of the discharge hydrograph, again indicating that most of the erosion takes place early in the storm.
GROUND WATER Domestic and livestock water supplies can generally be obtained from the unconsolidated deposits or bedrock in Randolph County. Sand and gravel aquifers within the unconsolidated deposits may yield dependable quantities of water, but their occurrence is local. Shallow bedrock aquifers in Pennsylvanian rocks yield some small supplies (Pryor, 1956 ).
Fourteen observation wells were drilled in or adjacent to the study basin. Placement of some wells ( fig. 4 ) was dictated by proposed mining activities. Six of the wells were screened in unconsolidated deposits. The other eight wells were cased with 6-inch polyvinylchloride (PVC) pipe to bedrock. Casings were grouted in place, and a 5-inch hole was drilled into the bedrock. Average depths were about 114 feet below land surface. Nested piezometers were constructed in the open boreholes of the bedrock wells, two in each well, in November 1981. The nested piezometers consisted of 2-inch PVC pipe with either 3-or 6-foot slotted PVC screens.
Each well, except 8010B, 8015B, 8022, 8016A, 8016B, 8021A, and 8021B was sampled at least once for analysis of chemical constituents (table 4) . The exceptions were not sampled because of obstructions in the well, lack of water, or because the wells were destroyed or could not be properly developed. The wells were developed prior to sampling to insure that the sample was representative of formation water. Development consisted of pumping the wells dry numerous times and allowing them to recover. Samples were collected after the well was pumped dry while the water level was returning to the prepumping level. Samples were treated and preserved according to standards set by Erdman and others (1982) .
Analyses were performed by the Illinois Environmental Protection Agency laboratory in Champaign, Illinois. The geologic logs (driller logs and geophysical logs) and water-quality analyses of samples from these wells reveal several geohydrologic units. A geologic section of the study site ( fig. 8) shows the division of geologic and geohydrologic units. Table 5 presents the classifications of lithologic units into geologic and geohydrologic units, including the lithology at screened intervals.
The major cation and anion were determined for sampled water from each well. Each geohydrologic unit's water had unique concentrations of predominant constituents. The concentrations of the major cation and anion associated with geohydrologic units are shown in table 6.
Water from geohydrologic units A and C have concentrations of chloride in excess of the limit of 250 mg/L for potable supply set by the Pollution Control Board (1984) . Units A, B, C, and D have concentrations of dissolved solids that are in excess of the potable supply limit of 500 mg/L. Water from unit E yields water meeting the standards for potable supply, except from well 8017. Well 8017 was screened in clayey sand (unit E) but differed from other wells screened in this unit by yielding water having calcium as the major cation in concentrations of 158 and 177 mg/L. Well 8017 is located where Unit E begins to thin and become clayey. This change is possibly responsible for the dissolved-solids concentrations which are in excess of the potable supply limits. During the period of ground-water level monitoring (December 1981 through April 1983), mining moved eastward into the basin, placing the pit closer to the observation wells and affecting hydraulic heads. Each hydrogeologic unit was affected differently because each unit has its own hydraulic characteristics.
The mining had little affect on the shallow wells, with the exception of well 8019 and well 8022. Well 8019, screened in unit E, lost 2.44 feet of head during the period of record because it was near the mining operations. Well 8022 was drilled adjacent to the pit and remained nearly dry until September 1982. At this time the pit was 3,400 feet from the well and the old pit adjacent to the well was filled with spoil. Recharge to the spoil caused water to enter the well. Other shallow wells showed only seasonal fluctuations.
The potentiometric surfaces in bedrock wells 8010A, 8011A, 8011B, 8012A, 8012B, 8015A, 8023A, and 8023B were depressed. The head loss in each of these wells for the period of January 1982 through April 1983 is shown in table 7. Figure 9 shows the water level measured in well 8023B for the 1982 calendar year.
Wells 8016A, 8016B, 8021A, and 8021B contained only a few feet of water and were adjacent to the pit or spoil material during most of the period of record. In March 1982, the potentiometric surface in these wells began to rise. As in well 8022, this increase in a result of recharging the spoil material.
SUMMARY
Plum Creek Tributary prior to mining had a natural drainage area of 0.6 mi 2 . Since January 1981, the basin has been disturbed by surface mining. The basin is characteristic of surface-mined areas in southern Illinois. It was previously used for agricultural purposes, had low relief, and was well drained. Major changes in land use are caused by surface mining of coal. There was a reduction of Plum Creek Tributary drainage area from 0.6 mi 2 to 0.2 mi 2 by May 1982.
The bedrock underlying the study site is of Pennsylvanian age and consists of coal, shale, and limestone. The unconsolidated material overlying the bedrock consists of till and outwash deposits from Pleistocene glaciation.
Plum Creek Tributary drains into the Kaskaskia River system. The mean daily flow of the stream for the period of streamflow data collection (April 1981 through September 1982) is 0.49 ft3/s. Runoff from storms is the major component of annual runoff. Periods of no flow occurred 18 percent of the time. The maximum instantaneous discharge during the period of record was 175 ft3/s on May 20, 1981. The maximum daily mean discharge was 40 ft3/s (January 31, 1982). The January 31 peak, and all other peak discharges, occurred in direct response to rainfall. Water-quality analyses of surface water had a concentration of total-recoverable iron of 24, 38, and 94 mg/L. The effluent standards set by the Pollution Control Board for total iron is 2.0 mg/L. Particle-size analyses show that 99.9 percent of suspended sediment and 97 to 99 percent of bed material were finer than 0.062 mm.
Fourteen observation wells were used to monitor the ground-water system in the study area. Six of the wells were screened in the glacial deposits and eight of the wells were screened in bedrock. Geologic logs and water-quality analyses of samples from these wells revealed several geohydrologic units. The five geohydrologic units are classified A, B, C, D, and E. Water sampled from geohydrologic units A and C had concentrations of chloride in excess of the limit of 250 mg/L for potable supply set by the Pollution Control Board. Units A, B, C, and D water samples have concentrations of dissolved solids that are in excess of the potable supply limit of 500 mg/L. Water from unit E meets the standards for potable supply.
The hydraulic heads of ground water were lowered in the vicinity of the open pit. The greatest decline of 35 feet was observed in well 8023B for the period of January to April 1983. .00 .00 .00
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. 1 All screens are 3 feet in length except 8010A which has a 6-foot screen. 
